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Sequencing: Pityrogramma trifoliata in the Western

Andes of Peru
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Materials and Methods

Plants were obtained in the field, from a site in the Department of Lima,

Province Canete, in the Mala river basin, above the town of Calango
(12°31'17.54"S, 76°30'1.11"W), at near 400 m elevation (Fig. lA-B; Fig. 2),

where climate conditions are hyper-arid (Rundel et al., 2007). They were
present as small, undeveloped gametophytes and very young sporophytes.

Plants and their surrounding soil were collected and maintained in a plastic-

covered container for nearly 5 months, from August 2011 until February 2012.

Two samples were taken in November 2011 to prepare herbarium vouchers
and to extract DNA. Plants did not survive past February 2012.

DNAwas isolated from dry tissue using the MPFastDNA® SPIN Kit and
FastPrep® instrument (MP Biomedicals LLC, Solon, OH, USA).

Portions of two plastid loci —rbcL and the trnG-trnR intergenic spacer

(henceforth, trnG-R )—in 21 jiL reactions were amplified following established

protocols (Rothfels et al. 2013). PGRwas performed with an initial four-minute

denaturation step (95“C), followed by 35 cycles of 30 seconds denaturation

(95°C), 30 seconds elongation (40°C), and one minute elongation (71°C). The
reaction was concluded with a final elongation step at 71°C, for 10 minutes.

The rbcL amplifications used the primers ESRBCLlF and ESRBCL654R
(Schuettpelz and Pryer, 2007), and the trnG-R reactions used TRNGlF and

TRNG63R(Nagalingum et al., 2007). PGRproducts were purified using Shrimp
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Bommeria hispida (EU268671)

Cheilanthes alabamensis (EU268672)

Pellaea truncata (EU268714)

Notholaena trichomanoides (EU268710)

a triangularis subsp. maxonii (EU268716)

-Cryptogramma crispa (EU268687)

of Cystopteris supported the latter, as did the presence of toothed margins,

although Cystopteris fragilis has veins ending in a sinus rather than in a tooth.

A third possibility was a member of the Pteridaceae, either Anogramma

leptophylla (L.) Link or Pityrogramma chaerophylla (Desv.) Domin, but in both

these species the lamina is gradually reduced, and in the former, the rhizome

does not bear scales, but hairs; additionally, the latter has not yet been
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recorded in Peru. Another possibility among Pteridaceae, was either

Pityrogramma calomelanos (L.) Link or P. trifoliata (L.) R. M. Tryon; the

former has a leaf apex that is gradually reduced and it bears glandular hairs on
the laminae, whereas in the latter the terminal segment has a similar shape to

the lateral pinnae, and also, for some individuals, laminar glandular hairs can

be absent.

BLAST searches supported the identity of the mystery fern as a species of

Pteridaceae, apparently closest to Pityrogramma. In both datasets [rbcL and trnG-

R], the mystery fern matches closely with accessions of Pityrogramma (Fig. 4 A-
B). In the more densely sampled rbcL dataset, the mystery sequence is particularly

closely related to Pityrogramma trifoliata (Fig. 4B); these two sequences differ by
a single substitution across the 607 aligned sites. Pityrogmmma trifoliata is

sometimes treated as Trismeria trifoliata (L.) Diels (e.g. Zuloaga et al., 2008), the

only commonly recognized member of that genus, and is morphologically highly

distinctive within Pityrogramma (at least as mature sporophytes!). The mystery
plant then, while not exactly identical in sequence to the published rbcL sequence
from P. trifoliata, is almost certainly that species.

Discussion

The discovery of Pityrogramma trifoliata in river beds in the xeric belt of the

Andean foothills is a novelty due to the underexplored microhabitat it

inhabited and the stark bareness of the surrounding hills (Fig. lA). Watkins et

al. (2007) suggested that for terrestrial ferns, soil disturbance is related to

gametophyte establishment success and growth. This also appears to be the

case for our findings, as microsites among the riparian cobble provide shade
and constantly humid soil essential for gametophyte colonization and
development. In turn, these sites are likely highly unstable due to seasonal

fluctuation in river discharge.

Pityrogramma trifoliata is known from an altitudinal range of 50 to 2300 m
in Peru, but no previous collections are known from the xeric elevational belt

itself. Populations of P. trifoliata are found in sparse clusters where humidity
is constant, such as margins of waterfalls and irrigation channels, and from
which a few collections of this species in western Peru have been previously
reported. This species and other western Andes ferns are likely characterized

by higher dispersability, resilience, and based on this study, the capacity to

survive as a gametoph 3^e.

If we had been restricted to using morphological data for identification, we
would have required more time and cultivation efforts for the plants to express

those morphological characters associated with P. trifoliata.

An important note as to the state of our knowledge of the fern flora is the

scarcity of collections for ferns that are considered to be common. A more
complete set of data on the natural history of ferns is also needed, especially

those verifying and updating information on gametophytes, such as recent

work within a phylogenetic framework in Pteridaceae (e.g. Gabriel y Galan,

2011; Johnson et al., 2012).
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